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I present theoretical results at approximate NNLO from NNLL resummation for top quark 
production at the LHC and the Tevatron, including new results at 8 TeV LHC energy. 
Total cross sections are shown for ti production, for single top production in the t and 
s channels and via associated tW production, and for associated tH~ production. Top 
quark transverse momentum and rapidity distributions in ti production are also presented, 
as well as new results for t-channel single top and single antitop pr distributions. 

1 Introduction 

The top quark is a centerpiece of LHC and Tevatron physics, and both ti and single top 
production are being studied. The LO partonic processes for top-antitop pair production are 
qq — > ti, dominant at the Tevatron, and gg — > ti, dominant at LHC energies. For single top 
quark production the partonic channels are the t channel: qb —> q't and qb — > q't; the s channel: 
qq' bt; and associated tW production: bg — > tW~ . A related process is the associated 
production of a top quark with a charged Higgs, bg — > tH~ . 

Higher-order QCD corrections are significant for top quark production. Soft-gluon emission 
corrections are dominant and have been resummed through NNLL accuracy [TJ [5] . Approxi- 
mate NNLO (and even higher-order [3]) differential cross sections have been derived from the 
expansion of the NNLL resummed result for ti pQ and single top [2] production. 

There are several different approaches to resummation (for a detailed review see [3]; yet 
another approach appeared later in [S\). The approach used here is the only NNLL calculation 
at the differential cross-section level using the standard moment-space resummation in pQCD. 

We note that the threshold approximation works very well not only for Tevatron but also 
for LHC energies because partonic threshold is still important. There is less than 1% differ- 
ence between NLO approximate and exact cross sections, and this is also true for differential 
distributions, see the left plot in Fig. 1. 



2 tt production 

We begin with top-antitop pair production pQ. The NNLO approximate ti cross section at 
the Tevatron, with a top quark mass m t = 173 GeV and using MSTW2008 NNLO pdf [5], is 
7.08^0 24^0 27 Pbj where the first uncertainty is from scale variation m t /2 < /i < 2nit and the 
second is from the pdf at 90% C.L. 
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The tt cross section at the LHC at 7 TeV energy is 163±5 ± 9 pb; at 14 TeV it is 92013^35 
pb. The new result for the current 8 TeV LHC energy is 

(T NNLOapproK (mt = m ^ g ^ = 334+10 ± 12 pb . 




Figure 1: Top quark pr distribution at the LHC (left) and the Tevatron (right). 

The top quark pr distribution at the Tevatron is shown in the right plot of Fig. 1. We note 
the excellent agreement of the NNLO approximate results with DO data [7]. The top quark px 
distributions at the LHC at 7 and 8 TeV energies are shown in the left plot of Fig. 2. 



Top quark p T distribution at LHC NNLO appro* m t -l73 GeV 
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Figure 2: Top quark px (left) and rapidity (right) distributions at the LHC [tut = \/p\ + 

The top quark rapidity distribution at the LHC at 7 and 8 TeV energies is shown in the right 
plot of Fig. 2. The top quark rapidity distribution at the Tevatron displays a significant forward- 
backward asymmetry, A FB = [a(Y > 0) - a(Y < 0)]/[cr(F > 0) + a(Y < 0)] = 0.052±°;^°g, 
which is smaller than observed values (see also the review in [1] and recently [HI E] ) - 



3 Single top quark production 

We continue with single top production 2 , and start with updated results for the t channel. 

The t-channel cross sections at LHC energies for single top production, single antitop pro- 
duction, and their sum are given in Table 1. The 7;-channel single top quark production at the 
Tevatron is 1.041q'q2 ± 0.06 pb; the result for antitop at the Tevatron is the same. 



2 
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i-channcl LHC 



Total 



7 TeV 

8 ToV 
14 TeV 



i3.0tl 6 2 ± 0.8 
56.4± 2 j ±1.1 
154+f ± 3 



22.9 ± 0.5^0 g 
30.7 ±0.7+.? ® 
94+=+? 



65.9 
87.2 

248 



+ 2.1+1.5 
0.7-1.7 
+ 2.8+2.0 
1.0-2.2 
+ 6+5 



Table 1: t-channel cross sections in pb at the LHC for m t = 173 GeV. 

t-channel total cross section m -173 GcV 

t-channel top quark p T distribution at Tevatron Ii=m=l73 GeV 



NNLO approx (N.NLL) 




Figure 3: t-channel total cross section versus collider energy (left) and t-channcl top quark px 
distribution at the Tevatron (right). 



Results for the t-channel total cross section are shown versus collider energy in the left 
plot of Fig. 3. The right plot of Fig. 3 displays new results for the t-channel top quark px 
distribution at the Tevatron. 



t-channel top quark p T distribution at LHC u_-m t =173 GeV 
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t-channel antitop quark p T distribution at LHC Lt-m =173 GeV 

NNLO approx (NNLL) 
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Figure 4: t-channel top (left) and antitop (right) pt distributions at the LHC. 



New results for t-channel top and antitop px distributions at the LHC are shown in Fig. 4. 

Next we present s-channel results. Table 2 shows the s-channel cross sections at the LHC. 
The s-channel total cross section versus LHC energy in shown in the left plot of Fig. 5. The 
s-channel single top cross section at the Tevatron is 0-523±g:ggg±g;glg pb; the result for antitop 
production at the Tevatron is identical to that for top. 

Next we study the associated tW~ production at the LHC. The tW~ cross section at 7 TeV 
is 7.8 ± 0.2t°j pb; at 8 TeV it is 11.1 ± 0.3 ± 0.7 pb; and at 14 TeV it is 41.8 ± l.dtH pb. 
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s-channel LHC 


t 


t 


Total 


7 ToV 

8 ToV 
14 TcV 


3.14 ± omtoll 

3.79 ±0.07 ±0.13 
7.87±Q.14±g;|J 


i.42 ± o.oi±S;SI 

1.76 ± 0.01 ± 0.08 
3.99 ± 0.05±°'2j 


4.56 ± 0.07lg;i| 
5.55 ± 0.08 ± 0.21 
11.86 ± 0.19j;°;*g 



Table 2: s-channel cross sections in pb at the LHC for m t = 173 GeV. 



NNLO approx cross sections li-m -173 GeV 

' bg-> tH at LHC NNLO approx (NNLL) tanp=30 u=m H - 
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Figure 5: s-channel total and tW~ (left) and tH~ (right) production cross sections. 

The cross section for tW + production is identical. The tW~ cross section versus LHC energy 
in shown in the left plot of Fig. 5. 

Finally, we study the associated production of a top quark with a charged Higgs. The right 
plot of Fig. 5 shows results at LHC energies versus charged Higgs mass with tan/3 = 30. 
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